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devices, is coupled to external terminals to which abnormal voltage Is applied. 

USE - E.g. large scale integrated circuit device with electrostatic discharge 
protection circuit. 

ADVANTAGE - Since protection device is formed at periphery of semiconductor 
chip, size of semiconductor device is reduced and electrical property of 
semiconductor device is improved. 

DESCRIPTION OF DRAWING(S) - The figure shows the schematic diagram of 
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semiconductor device. (Drawing Includes non-English language text). 
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(54) SEMICONDUCTOR DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the size of a 
semiconductor chip and to satisfactorily hold the electric 
characteristic of an input/output protection device. 
SOLUTION: A main circuit 21 is formed in the center of 
the surface of a semiconductor chip 25, and multiple 
outer terminals 22 are formed on the semiconductor chip 
25 so that they surround the main circuit 21 . An element 
isolation region 23 is fonned on the semiconductor chip 
25 so that it surrounds the outer terminals 22, and the 
input/output protection device 26 relieving abnormal 
voltage is formed on a scribe region 24 on the 
semiconductor chip 25 so that it surrounds the element 
isolation region 23. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor device 
which has the I/O protective device which protects the main circuit formed in the integrated circuit of 
LSI formed on the surface of the semiconductor chip, and others from abnormal voltage, such as static 
electricity. 
[0002] 

[Description of the Prior Art] Drawing 7 is the schematic diagram showing the conventional 
semiconductor device (JP,5-75023,A). As shown in drawing, a main circuit 1 is formed in the center 
section of the front face of a semiconductor chip 4, two or more external terminals 2 are formed on a 
semiconductor chip 4 so that a main circuit 1 may be surrounded, and the I/O protective device 3 which 
protects a main circuit 1 from abnormal voltage, such as static electricity, through insulator layers (not 
shown), such as an oxide film, in the lower part of the external terminal 2 is formed. Moreover, bonding 
of the wire which is not illustrated in the front face of the external terminal 2 is carried out, and it is 
connected with the mounting substrate etc. by this wirebonding. 

[0003] Drawin g 8 is the circuit diagram of the semiconductor device shown in drawin g 7 . it is shown in 
drawing — as — positive/negative ~ the protection diodes 14-19 for two or more external terminals 2a-2d 
being connected to the common I/O protection device 1 1 w hich eases any polar abnormal voltage in 
parallel, and connecting each external terminals 2a-2d to the I/O protection device 1 1 are formed, and 
the I/O protective device 3 is constituted by the I/O protection device 1 1 and the protection diodes 14-19 
Moreover, the extemal terminals 2a and 2b with which I/O of the signal of a main circuit 1 is presented 
are connected to the main circuit 1 through resistance Rl and R2. Moreover, the current supply of a 
main circuit 1 is presented with 2d of extemal terminals extemal terminal 2c for VDD power supplies, 
and for VSS power supplies, moreover, although the abnormal voltage which invaded into each external 
terminals 2a-2d is eased, the common I/O protection device 1 1 consists of bidirection zener diodes 
which connected the anodes (or cathodes) of two zener diodes - having - positive/negative - 
breakdown operation is carried out also to which polar abnormal voltage (voltage more than zener 
voltage) a-2d is connected in parallel, moreover — the ends of the I/O protection device 1 1 — lines 12 
and 13 - minding - each external terminal 2 — Between a line 12 and an each extemal terminals [ 2a, 
2b, and 2d ] end, the protection diodes 14, 15, and 19 are connected, respectively. The cathode of the 
protection diodes 14, 15, and 19 is connected to a line 12, the protection diodes 16-18 are further 
connected, respectively between a line 13 and the other end of each extemal terminals 2a-2c, and the 
anode of the protection diodes 16-18 is connected to the line 13. In addition, pressure-proofing of the 
protection diodes 14-19 is designed more highly than pressure-proofing of the I/O protection device 1 1 . 
[0004] Below, operation of the semiconductor device shown in drawin g 8 is explained. When abnormal 
voltage which extemal terminal 2a just becomes between two arbitrary extemal terminals, for example, 
extemal terminal 2a, and external terminal 2b is impressed, bias of the protection diode 14 and the 
protection diode 17 is carried out to the forward direction, and abnormal voltage is impressed to the ends 
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of the I/O protection device 1 1. If this abnormal voltage becomes higher than pressure-proofing of the 
I/O protection device 1 1 , the I/O protection device 1 1 will surrender, and as current shows the dashed 
line of drawing 8 , it will flow. Abnormal voltage is suppressed as the result and the main circuit 1 
connected to the external terminals 2a and 2b can be protected from abnormal voltage. At this time, 
since bias of the protection diode 14 and the protection diode 17 is carried out to the forward direction, 
there is little power consumption, and calorific value is small. Therefore, the size of the protection 
diodes 14 and 17 can be made small. On the other hand, since the breakdown current is flowing to the 
I/O protection device 1 1, in order power consumption is large, calorific value is large and for the I/O 
protection device 1 1 not to be destroyed by this generation of heat, it is necessary to design a size 
sufficiently greatly for a heatproof. 

[0005] In such a semiconductor device, since the common I/O protection device 1 1 is formed and the 
number of an I/O protection device can be made fewer than the number of the external terminals 2, the 
area of a semiconductor chip 4 can be decreased and confiision of wiring can be prevented. Moreover, 
since the I/O protective device 3 is formed in the lower part of the external terminal 2 through the 
insulator layer, even if it does not enlarge area of a semiconductor chip 4, installation area of the I/O 
protection device 1 1 of the I/O protective device 3 can be enlarged. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the I/O protective device 3 which consists of 
an I/O protection device 1 1 and protection diodes 14-19 is formed in the bottom of the external terminal 
2 as shown in drawin g 7 if it is in such a conventional semiconductor device, there is risk of a load 
joining the insulator layer under the extemal terminal 2 in the case of wirebonding, a crack arising in an 
insulator layer, and a bad influence arising in the electrical property of the I/O protection device 1 1 and 
the protection diodes 14-19. 

[0007] It was made in order that this invention might solve an above-mentioned technical problem, and 
the size of a semiconductor chip aims at offering the semiconductor device with which an I/O protection 
device can hold a good electrical property small. 
[0008] 

[Means for Solving the Problem] In order to attain this purpose, it sets to this invention. The main circuit 
formed on the surface of the semiconductor chip, and two or more extemal terminals formed on the 
above-mentioned semiconductor chip so that the above-mentioned main circuit might be surrounded, 
The isolation field formed on the above-mentioned semiconductor chip so that the above-mentioned 
extemal terminal might be surrounded. The I/O protection device which eases the abnormal voltage 
formed on the above-mentioned semiconductor chip so that the above-mentioned isolation field might 
be surrounded is prepared. Connect the above-mentioned external terminal to the ends of the above- 
mentioned I/O protection device in parallel, and the 1st protection element in which bias is carried out to 
the forward direction by the abnormal voltage impressed to the above-mentioned external terminal is 
connected between the end of the above-mentioned I/O protection device, and at least one of the above- 
mentioned external terminals. Between the other end of the above-mentioned I/O protection device, and 
at least one of the above-mentioned external terminals, the 2nd protection element in which bias is 
carried out to an opposite direction by the abnormal voltage impressed to the above-mentioned external 
terminal is connected, and the above-mentioned I/O protection device is formed in the scribe field of the 
outermost periphery of the above-mentioned semiconductor chip. 

[0009] In this case, you may form the above-mentioned I/O protection device in a SOI layer. 
[0010] Moreover, it is good also considering the above-mentioned I/O protection device as zener diode. 
[001 1] Moreover, it is good also as a bipolar transistor which short-circuited the base emitter in the 
above-mentioned I/O protection device. 

[0012] You may connect the above-mentioned I/O protection device to the above-mentioned external 

terminal on the front face of the above-mentioned semiconductor chip in these cases. 

[0013] 

[Effect of the Invention] In the semiconductor device conceming this invention, since the I/O protection 
device which eases abnormal voltage is formed in the scribe field of the outermost periphery of a 
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semiconductor chip, though the size of a semiconductor chip becomes small and a load joins an external 
terminal in the case of wirebonding, an I/O protection device can hold a good electrical property. 
[0014] Moreover, when an I/O protection device is made into the bipolar transistor which short-circuited 
the base emitter, abnormal voltage can be eased more at high speed by amplification operation of a 
bipolar transistor. 

[0015] Moreover, since the current at the time of abnormal-voltage relief flows by low resistance more 
when an I/O protection device is connected to an external terminal on the surface of a semiconductor 
chip, generation of heat can be lessened. 
[0016] 

[Embodiments of the Invention] Drawin g 1 is the schematic diagram showing the semiconductor device 
conceming this invention. As shown in drawing, a main circuit 21 is formed in the center section of the 
front face of a semiconductor chip 25. Two or more external terminals (pad for connection) 22 are 
formed on a semiconductor chip 25 so that a main circuit 21 may be surrounded. The isolation field 23 
formed on a semiconductor chip 25 so that the external terminal 22 may be surrounded, and the I/O 
protection device 26 which eases abnormal voltage is formed in the semiconductor chip 25 top 24, i.e., 
the scribe field of the outermost periphery of a semiconductor chip 25, so that the isolation field 23 may 
be surrounded. That is, although a part of per dentation of dicing and scribe field 24 are deleted to the 
scribe field 24 in the case of dicing and a part remains around a semiconductor chip 25 in case the 
outside of the isolation field 23 is the scribe field 24 and a semiconductor chip 25 is started from a 
semiconductor wafer, the I/O protection device 26 is formed in the scribe field 24 which remained 
around the semiconductor chip 25. 

[0017] drawing 2 shows the A section of drawing 1 - it is a cutting detailed perspective diagram in part 
It embeds in the upper part of the support substrate 3 1 which consists of p type silicon as shown in 
drawing, an insulator layer 32 is formed, the n type SOI layer 34 is formed in the upper part of the 
embedding insulator layer 32, the isolation field 23 which separates the SOI layer 34 is formed, and the 
isolation field 23 consists of contests 36 polysilicon laid underground so that the slot of the insulator 
layers 35, such as an oxide film formed in the interior of a trench, and an insulator layer 35 might be 
embedded. Moreover, inside the isolation field 23 of the SOI layer 34, a main circuit 21, the external 
terminal 22, and the element field 33 in which protection diode (explanation after-mentioned) was 
formed are. The diffusion field 38 of n+ type which it was deep, i.e., reached the embedding insulator 
layer 32 is formed in the outside 24 of the isolation field 23, i.e., the scribe field, of the SOI layer 34 
along the isolation field 23. The diffusion field 39 of p+ type which it was deep on the outside of the 
scribe field 24 of the SOI layer 34, i.e., reached the embedding insulator layer 32 is formed. The field 44 
of SOI layer 34 the very thing, i.e., an n type semiconductor region, is formed between the diffusion 
field 38 and the diffusion field 39, and the I/O protection device 26 which becomes the drawing 2 space 
longitudinal direction from zener diode by the diffusion fields 38 and 39 and the semiconductor region 
44 is formed. That is, the I/O protection device 26 is formed in the SOI layer 34. And it was in contact 
with the fracture surface 40 deleted by dicing, it embedded by dicing and many defects were formed in 
the fracture surface 40 section of an insulator layer 32, and since the insulation of the vertical direction 
of the embedding insulator layer 32 in the fracture surface 40 section is already in the state where it is 
not maintained, p+ diffusion field 39 has flowed through the diffusion field 39 electrically with the 
support substrate 31 by the fracture surface 40 at the time of dicing. Moreover, a metal electrode 41 is 
formed in the rear face of the support substrate 31, and the potential of a metal electrode 41 is being 
fixed to VSS potential. Moreover, a line 42 is connected to the diffusion field 38, and the line 43 is 
connected to the metal electrode 41 (support substrate 31). 

[0018] Drawin g 3 is the circuit diagram of the I/O protective device of the semiconductor device shown 
in drawing 1 and drawing^ . As shown in drawing, the cathode of the common I/O protection device 26 
which eases the abnormal voltage which consists of zener diode is connected to a line 42, and the anode 
of the I/O protection device 26 is connected to the line 43. Moreover, the protection diodes 52-57 for 
two or more external terminals 22a-22d being connected to the I/O protection device 26 in parallel 
through lines 42 and 43, and connecting each external terminals 22a-22d to the I/O protection device 26 
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are formed, and the I/O protective device is constituted by the I/O protection device 26 and the 
protection diodes 52-57. Moreover, the external terminals 22a and 22b for signals with which I/O of the 
signal of a main circuit 21 is presented are connected to the main circuit 21 through resistance Rl and 
R2. Moreover, the current supply of a main circuit 21 is presented with 22d of external terminals 22c 
and 22d external terminal 22c for VDD power supplies, and for VSS power supplies, i.e., the external 
terminals for power supplies. Between a line 42 and an each external terminals [ 22a, 22b, and 22d ] 
end, each Moreover, external terminal 22a, The protection diodes 52, 53, and 57 which are the 1st 
protection element in which bias is carried out to the forward direction by the abnormal voltage 
impressed to 22b and 22d are connected. That is, the cathode of the protection diodes 52, 53, and 57 is 
connected to the line 42. Furthermore between a line 43 and the other end of each external terminals 
22a-22c, the protection diodes 54-56 which are each the 2nd protection element in which bias is carried 
out to an opposite direction by the abnormal voltage impressed to the external terminals 22a-22c are 
connected. That is, the anode of the protection diodes 54-56 is connected to the line 43. Namely, 
connection of the I/O protection device (zener diode) 26 is designed in the direction in which the I/O 
protection device 26 eases abnormal voltage, when are based on VSS, positive abnormal voltage is 
impressed to each external terminals 22a-22d, it is based on VDD and negative abnormal voltage is 
impressed. And in the I/O protection network of an integrated circuit which does not have a common I/O 
protection device, there were some which will be in the state where bias was carried out to the opposite 
direction into protection diode to the impression mode of such abnormal voltage, and generation of heat 
with protection diode was large, and needed to enlarge area of protection diode. However, when were 
based on VSS, it was based on negative abnormal voltage and VDD and positive abnormal voltage was 
impressed, bias of the protection diode was carried out to the forward direction, and its generation of 
heat was small, and it had few problems. It has composition in which the I/O protection device 26 
carries out avalanche breakdown (avalanche breakdown) only in severe abnormal-voltage impression 
mode among these four abnormal-voltage impression modes. In addition, the protection diodes 52-57 
are formed by the usual structure and the method between the main circuit 1 and the external terminal 22 
(22a-22d) in the element field 33 21, i.e., a main circuit, and only the I/O protection device 26 is formed 
in the scribe field 24. Moreover, pressure-proofing of the protection diodes 52-57 is designed more 
highly than pressure-proofing of the I/O protection device 26. 

[0019] In this semiconductor device, if abnormal voltage exceeds pressure-proofing of the I/O protection 
device (zener diode) 26 when abnormal voltage positive on VSS criteria is impressed, for example to 
external terminal 22a, the I/O protection device 26 will surrender and current will flow to the sense of 
the dashed line of drawin g 3 . Since p+ diffusion field 39 which is the anode side of the I/O protection 
device 26 has flowed in the support substrate 3 1 through the fracture surface 40 at this time, the current 
shown in drawin g 3 with the dashed line flows from p+ diffusion field 39 to the support substrate 3 1 
through the fracture surface 40, and flows to the metal electrode 41 on the back. Abnormal voltage is 
suppressed as the result and the main circuit 21 connected to external terminal 22a can be protected from 
abnormal voltage. 

[0020] In such a semiconductor device, since the I/O protection device 26 which eases abnormal voltage 
is formed in the scribe field 24 of the outermost periphery of a semiconductor chip 25, the size of a 
semiconductor chip 25 becomes small. That is, while the main circuit 21 has been the area of the 
minimum semiconductor chip 25 originally needed, the I/O protection device 26 can be formed. 
Moreover, though a load joins the external terminal 22 in the case of wirebonding, the I/O protection 
device 26 can hold a good electrical property. Moreover, the area of a PN-junction side turns into a 
product of the depth of the SOI layer 34, and the periphery length of a semiconductor chip 25 mostly, 
and since the area of a PN-junction side becomes very large, it can form the big I/O protection device 26 
by using the narrow field of the scribe field 24. That is, from the first, the width of face of the scribe 
field 24 is only the field deleted in the case of dicing, and the margin field of the both sides, and is 
narrow (it is only a right-hand side margin and is about dozens of micrometers), however — if the I/O 
protection device (zener diode) 26 formed this time has about 10 micrometers of longitudinal direction 
sizes - enough - formation - possible - one side of a margin field - it can form satisfactory Thus, the 
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size of the I/O protection device 26 can enlarge size of the I/O protection device 26 enough depending 
on the circumference length of a semiconductor chip 25. Moreover, although variation may arise 
depending on the hit condition of the gear tooth of dicing in the longitudinal direction size of the 
diffusion field 39, i.e., the drawin g 2 space longitudinal-du-ection size, in the case of dicing or a part of 
diffusion field 39 may be deleted depending on the case, since the boundary length of a semiconductor 
chip 25 has the length of mm (millimeter) unit, especially even if a part of diffiision field 39 is missing, 
it does not become a problem. Thus, the semiconductor device which has the I/O protective device 
which the I/O protection device 26 which consists of zener diode is formed in the scribe field 24, and the 
element field 33 and the I/O protection device 26 can be insulated by the longitudinal direction by the 
isolation field 23 (trench separation), can write to lengthwise as the composition in which current flows 
through the fi-acture surface 40, and can decrease in number the area of a semiconductor chip 25, and 
can secure the reliability at the time of bonding can be offered. 

[0021] drawing 4 shows other semiconductor devices concerning this invention -- it is a cutting 
perspective diagram in part As shown in drawing, the shallow n+ type diffusion field 61 is formed, and 
the direct file of pH- diffusion field 39 and the n+ diffusion field 61 is carried out to the front-face side 
inside p+ difiRision field 39 by the metal electrode 62. That is, the I/O protection device 26 which 
consists of what made diode connection of the NPN bipolar transistor, i.e., bipolar transistor, of structure 
which short-circuited the base emitter is formed in the scribe field 24. 

[0022] In this semiconductor device, since the I/O protection device 26 which eases abnormal voltage is 
formed in the scribe field 24 of the outermost periphery of a semiconductor chip 25, the size of a 
semiconductor chip 25 becomes small, and the I/O protection device 26 can hold a good electrical 
property. Moreover, the NPN bipolar transistor which short-circuited the base emitter as an I/O 
protection device 26 is formed, and this bipolar transistor acts as diode. Therefore, if current begins to 
flow to the diffusion field 39 equivalent to a base region, the current doubled hFE by amplification 
operation of a bipolar transistor will consider as the method of flowing between collector emitters 
(between the diffusion field 38 and the diffusion fields 61 in this case). As compared with the 
semiconductor device which this showed to drawing 2 , abnormal voltage can be stably eased more at 
high speed. 

[0023] drawing 5 shows other semiconductor devices concerning this invention - it is a cutting 
perspective diagram in part As shown in drawing, the line 43 is electrically connected with the diffusion 
field 39. That is, the anode side of the I/O protection device 26 which consists of common zener diode 
formed in the scribe field 24 at the longitudinal direction has composition intentionally connected to a 
line 43 from the front-face side of a semiconductor chip 25. Specifically, the metal wiring connected to 
the diffusion field 39 by two-layer metal wiring etc. is connected to 22d of external terminals the direct 
line 43, i.e., for VSS power supplies. 

[0024] In this semiconductor device, since the I/O protection device 26 which eases abnormal voltage is 
formed in the scribe field 24 of the outermost periphery of a semiconductor chip 25, the size of a 
semiconductor chip 25 becomes small, and the I/O protection device 26 can hold a good electrical 
property. Moreover, in the semiconductor device shown in drawing 2 , it sets to this semiconductor 
device to current having flowed through the rear face 31, i.e., support substrate, of a semiconductor chip 
25 at the time of abnormal -voltage relief Since the anode side of the formed I/O protection device 
(zener diode) 26 is connected to the direct line 43 on the front face of a semiconductor chip 25 and the 
current at the time of abnormal-voltage relief flows by low resistance more, generation of heat at the 
time of abnormal-voltage relief can be made small. This is also the advantage that area of the I/O 
protection device 26 which consists of zener diode can also be made smaller. 
[0025] drawin g 6 shows other semiconductor devices concerning this invention — it is a cutting 
perspective diagram in part As shown in drawing, the shallow n+ type diffusion field 61 is formed in the 
front-face side inside p+ diffusion field 39, the direct file of p+ diffusion field 39 and the n+ diffusion 
field 61 is carried out by the metal electrode 62, and the metal electrode 62 is connected by the line 43. 
[0026] In this semiconductor device, since the I/O protection device 26 which eases abnormal voltage is 
formed in the scribe field 24 of the outermost periphery of a semiconductor chip 25, the size of a 
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semiconductor chip 25 becomes small, and the I/O protection device 26 can hold a good electrical 
property. Moreover, since the I/O protection device 26 is connected to the line 43 on the front face of a 
semiconductor chip 25, generation of heat at the time of abnormal-voltage relief can be made small. 
[0027] In addition, in the gestalt of the above-mentioned implementation, although the p type support 
substrate 31 was used, since a PN junction is not formed, it may already, use an n type support substrate 
in the fracture surface 40. 



[Translation done.] 
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